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1%) Theophyitine dosage form.

A sustained reloase phavmaceducal peliet composition suitable for lreating cardiotonic, diuretic or respiratdry
conditions comprises a core glement including a theophyliing” compound, e.9. an ethylene diamine salt of
theophylline. and a core coating for. the core elemant which is partially soluble at

a highly acidic pH to provide 2

slow rate of release of theophylline compound and wherein the theophylline compound is availaplo for absorption
at a relativaly constant faster rate in the intestine over an extended period of time.

Figure 1:
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THEOPHYLLINE DOSAGE FORM

The present invention relates to a pharmaceuncal composition in particular a pharmaceutical composi-
tion including a theophyliine compound and 1o 3 method for preparing same.

As 15 knowr in the prior art. theophytine is a naturalty occurfing xanthine derivative and has been used
as a bronchodilator. cardiotonic. diuretic and respiratory stimulant for over sixty years. Bronchodilatation is
the major therapeutic properly of theophyliine and ls achieved by induting relaxation in the smooth muscld

ol the bronchi. Therefore theophylline is commonty used 10 ralieve bronchospasm agsociated with asthma

and chronic obstructive airways disease (COAD).
Over the past wwenty years the pharmacodynamics and phan’hacokinetics of theophyfline have been
axtensively investigated and a therapeutic plasma concantration range has been deﬁpe‘d. In an attempt lo

maintain a constant concentration of theophyMine within this range during chronic therapy. @ aumbar of prior

- art sustained release preparations have been marketed.

Haweves, such prior arl praparations still suffer from a number of disadvantages. Such disadvantages
include the fact that the preparations may exhibit dose dumping of fluctuations in plasma theophylline
concentrations which may increase the likelinood of (oxicity. Moreover, some dogree of diurnal variation in
plasma theophyiline concentrations have been noted. Further. bioavailability of ptior art preparations may be
compromised by 1ood. This is important gince complox d0sage regimens may Jead to non-compliance.

Accordingly, 1t is an object of the present invention 10 overcome. or at least alteviate, one or more of the
gifticultias related to the prior art. : . :

Accordingly. in 3 first aspect of the present invention there is provided a pharmaceutical sustained
release peliet composition including

" core element including at least one active ingredient including a theophyliine compound: and

a core coating for the core element which is partially soluble at a highty acidic pH to provide a slow rate ot
reloase of theophyliine compound and wherein the theophylline compound 8 available for absorption at a
retatively constant faster rate in the intestine over an extended period of time,

Preferably, the core coating, in use. generates 3 dissolution profile for the pellet composition which is

;equal 0 OF greater than the minimum dissolution required to provide substantial picaquivalence with a

capsule or tablet containing the at least oneé active ingredient in3 sustained release form.

By »sustained release potlet composition” we rean release of theophylline at such a rate that blood
lgvels are maintained within the therapsutic range but betow toxiC levels over an extended period of time
¢.g. 12 to 24 hours of greater. . A '

Desirably, for some applications of the invention, the rate of release at the tess acidi¢ to basic pH is
greater than the rate of release at the highly acidic pH. preterably 1.2 to threo times greater. In some
applications, the (ata of retease of theophylline compound may bo substantially 2er0 at a highly acidic pH.
Where some release of theophylline compound does occur in the stomach, this may occur at a relatively
constant rate. : a

The pnarmateuucal pellet composition according to the present invention may include 2 plurality of

coated core slements, .

The pharmace'utical peltst composition may pe provided in any guitable unit dossge form  An
encapsulaléd form may be used. The encapsulated phavmaceutbcal peltet composition may thus provide, in
use. a blood profile in a patient to be weated which is substantially pio-equivalent 10 commercial capsules of
tablets, including theophyline in a sustained release form. but reduces. of eliminates one or more of the
gditticuities of priof ant formulations discussed above. ) :

The pharmacoutica\ petiet composition may be pvovided in a lablet form. A tablet may pe lormed by
compression of the pellets, optionally with the addition of sitable excipients.

A first dissolution profile may be measured 8t 2 pH tevel appn:ximaﬁng that ot the stornach. Al least 3
sacond dissolution profile may be measured at pH tevels app«oxima(ing that of at least one point in the
ntesting. C i

A highly acidic pH may simulate the stomach and a less acidic to pasic pH may simulate the intesting.
By the term “highly acidic pH" as used herein wa maan a pH in the range of approximately 110 4, by the
term “less acidic to basic pH" we mean 3 pH ot greatei than 4 up to0 approximalely 7.5. preierably
approximately 61075 Co ' »

A pH ot approximately 1.2 may be used to simulate the pH of the stomach.

A pH of approximately 600795 preterably 7.6 may be used t0 simulate the pH of the intestine.

“Bio-equivalence” as ysed herain. Mmaans that the area under ihe curve (AUC) and Crmax from a piot of
blood concenteation ‘ol active ingredient versus time are within cedtamn designated roquirements by Health
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Authorities. For example the blood levels achieved may be plus or minus 20% in 80% or more of the
subjects when compared to an equivalent product. .

"Dissolution profile® as used herein, means a plot of amount of active ingredient releasad as a function
of time. The dissolution profite may be measured utitising the Drug Release Test (724) which incorpokales
standard test USPXXII 1990. (Test(711)). A profile is characterised by the test conditions selected. Thus the
dissolution profile may be generated at a preselected shaft speed. temperature and pH of the dissolution
media. .

it wilt be understood that since the theophyiline compound is provided in 3 sustained release pellet form
signilicantly less fluctuations in plasma theophylline concentrations at steady stale over a 24 hour period
are generated. This is expected to result in less toxic and more effective therapeutic activity.

Similarly, it has been found that the pharmaceutical peliet composition according to the present
invention generates less diurnal variation and less peak to trough variations in plasma theophylline -
concentrations than prior art preparalions.

Moroover. the pharmaceutical pallet composition according to the present invention shows no evidence
of dose dumping. The bicavailability of the thenphyliine generated trom the pharmacsutical pellet composi-
tion is not compromised by food so_that comptiance will improve as the product may be taken without
regard lo meais. -

The theophyliine compound in the pharmaceutical pellet composition may take any suitable torm. The
theophyliine compound may be provided in an anhydrous or hydrous form. The theophylline compound
may be provided in a salt form, By the term "theophylline compound”, as used herein we mean a
compound selected trom theophylline and derivatives thereo! and other xanthines and derivatives thereof.
An ethylene diamine sait of theophylline' may be used. . .

The active ingredient may be available for absorption even in regions of the gastrointestinal tract which
are not sutficiently alkaline to dissolve the enteric core coating component.

Thus the aclive ingredient is available tor absorption in an absorption region substantially immediately
after the pyloric sphincter in the patient. Such an absorption region may generally be characterised by a pH
between approximately 1.2 and S.5. ’

Absorplion will substantialty occur in the small intestine but since absorption will continue over an
extonded period of tima, then some absorption will occur additionally some way into the large intestine.

Accordingly, in a preferred aspect according to the present invention there is provided
a sustained release pharmaceutical peilet composition including a core element including at least one active
a hybrid core coating which coating provides a relatively constant low rate of release at a highly acidic pH
and a relatively constant higher rate of release at a lass acidic to basic pH over an extended period of time.
The hybrid core coating may include
at Ieast one insoluble matrix polymer:
at least one. enteric polymer which is substantially insoluble at acidic pH but at least partiaily. soluble at a
lass acidic to basic pH: : : '

at least one component which is at least partially soluble at acidic pH.

It has been lound necessary in order t0.achieve a slow rate of release at acidic pH of thaophyfline and
a faster relatively constant rate of release over an extended period of time to include the above three
components in the hybrid core coating.
Preterably the enteric polymer is readily scluble at a less acidic to basic pH.
Preterably the at least partially water soluble component is a readily water-soluble component.
Accordingly the hybrid core coating may include an effective amount of
a matrix polymer which is: substantially insoluble independent of pH
an aenteric polymer whose 3olubility is pH dependent, and
an at least partially water soiuble component.
The rate of dissolution at highly acidic pH of the hybrid core coating will depend on the amount of the

at least partially water solubie component. and the thickness of the coating. Typical core coatings may be in

the range of approximately S to 200 um, preferably approximately 40 to 80 um. h will be understood.
accordingly, that the rate of. absorption may be modified by moditying the thickness and/or the composition
of the hybrid core coating.

Once a minimum amount of the at least one partially soluble component and/or the maximum thickness
of the coating to achieve the minimum dissolution profile at an highly acidic pH has been established. then
it is simply a matter of design choice lo adjust the composition and.of thickness of coating as desired.

It has been lound that by manipulating the partially acid soluble component. and the at least one entaric
component, ong can modily the release properties of the polymer coating. With theophylline as the active
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substance. dissolution is slow at an acidic pH and increases Substantially at a less acidic to basic pH.
Morgovar. the qissomtion rate may be controlled by modifying the cancentration of the partiaily acid soluble
and enteric component as wall as the thickness of the polymer fitm.

Moreover, tha dissolution rate may be controlied by modifying the concentration of the enteric polymer
component in the hybrid core coating.

Accordingly in a preferred aspect the hybrid core coating may include
approximately 10 to 85°% based on the total weight of the hybrid core coating. axcluding filer and
plasticiser, of at least one insoluble matrix polymer selected from
acrylic ester polymers. methacrylic ester polymers and mixtures thereof: .
approximately 1 to 30% by weight based on the total weight of the hybrid core coating. excluding filler and-
plasticiser, of at least one enteric polymer selected from cellulose acetate phthalate, hydiaxypropyl methyi-
cellulose phthalate (HPMCP), polyvinyt acetate phthalate, methacrylic acid -copolymer. hydroxypropyl
methylicelluiose acetate succinate. shellac, cellulose acetate trimellitate and mixtures thereof: and
approximately 1 to 60% by weight based on the total weight of the hybrid core coating exctuding lilter and
plasticiser of an at least partiaily acid soluble component selected from polyvinylpyrrolidone. hydroxypropyl
cellulose. hydroxypropy! methyicellulose, polyethylene glycol, polyvinyl aicohot and monomers thecefor and
mixtures thereof. :

Particularly preferred enteric polymers include synthetic resin bearing carboxyl groups. The methacrylic
acid copolymar sold under the trade designation "Eudragit L30D™ has been found to be suitable.

The at least one onteric polymer may be present in the coating in an amount of rom approximately 1 to
30% by weight. preferably 2.5 to 10% by weight, based on the total weight of the hybrid core coating
excluding weight of filler and plasliciser.

The at least parhally acid-soluble component may proferably be selected from polymers such as
polyethylene glycol. polyvinyl pyrrolidone. hydroxypropyl cellulose, hydroxypropyl methylcellulose or mon-

“omers such as sugars. salts, or organi¢ acids and mixtures thereof.

The at least partially acid-soluble component may be present in the coating in amounts of from
approximately 1 to 80%. preterably 20 to 40% by weight, based on the total weight of the hybrid core
coaling excluding weight of filler and plasticisers.

The at least one insoluble matrix polymer may preferably be selected from polymers or copolymers of
acrylates or methacrylates having a low quaternary ammonium content may be used. The acrylic acid ethyt
ester: methacrylic acid methyl ester (70:30) copolymer sold under the trade designation "Eudragit NE3OD"
has been found to be svitable. ) )

The at least one insoluble matrix polymer may be present in the coating in an amount ot from
approximately 10 1o 95% by weight preferably 40 to 70% by waight based on the lotal weight ot the hybrid-
core coating excluding waight.of filler and plasticiser. ’ .

Preferably the weight ratio of enteric polymerinsoluble matrix polymer:water soluble excipient is
approximately 2.5:70:20 to 10:40:49. :

The hybrid core coating may further include
al least one plasticiser; and optionally
at least one filler. _ )

- The hybrid cote coating may preferably include
approximately 2.5 to 50% by weight based on the total weight of the hybrid core coating of at least one
plasticiser selected from diethyl phthalate. triethy! citrate. irlethyl acety! citrate. triacetin, tributyl citrate,

“polyethylena glycol and glycarol and the like: and

0 to approximately 75% by weight based on the total weight of the hybrid core coating of a filler selecled
lrom insoluble materials such as silicon dioxide, titanium dioxide. talc, alumina. starch, kaolin, polacritin
potassium, powderad celiulose, and microcrystalline cellulose and mixturas thereof.

1t will bo understood that the plasticiser used may be fargely dictated by the polymer used in the g
_ coating formulation, and the solubility of the plasticiser in the coating media. The plasticiser may kunction to

improve the physical stability of the pellet. A plasticiser is particularly preferred where the antenc polymer
is of retatively low molecular weight. It should be noted that acid or water soluble piasticisers can also be
used to function as the partially acid soiuble component.

The plasticiser may be presant in any suitable.effective amount. Amounts of lrom approximately 25 to
$0% by weight preferably 5 to 30% by weight based on the total weight ot the hybrid core coating._

excluding fillar. have been found to be suitable.



20

25

0

a5

4

45

S0

85

282 PRs 15.04.93

EP 0 377 517 A2

Preferrad hybrid cote coating include

{Insol. matrix) Ethy! cellviose . ’ 40-70%
(Enteric polymer) | Hydroxypropylmethyl cellulose phthalate | 2.5-10%
{Acid-soluble) Polyethylena glycol 20-40%
{Plasticiser) Diethyl phthalate 2.5-30%
or .

' (insol. matrix) Eudragit NE30D o 40-70%
{Enteric polymer) | Eudragit LI0D 2.5-10%
{Acid-soluble) polyethylene glycol 6000 NF | 20-40%
{P1asticiser) | Trethylcitrate 2.5-30%

- As stated above the hybrid core coating may further include at least one filler. The at least one filler
may be selected from those insolubte fillers listed below lor the manulacture of the core element.
The filler may be present in any suitable etlective amount. Amounts of from 0 to approximately 75% by

weight, preferably 0-50% by weight based on the total weight of the core costing have been found to be
suitable.

include . .

an effective amount of a theophylline compound:

at laast one core seed: and

at least one binding agent. . .

The theophylline compound may be present in any suitable effective amount, The theophylline
compound may be present in amounts of approximately 10 to 95% by weight, preferably approximately 20
to 80% by weight, based on the total weight of the core siement. The binding agent may be present in
amounts of from approximately O to 45% by weight preferably approximately 0 to 10% by weight based on
the total wanght of the core element. : ’

The binding agent may be of any suitable type. Suitable binders may be selected from polyvinylpyr-
rolidone, hydroxypropyl celiulose, hydroxypropyl methylcellulose, methylcellulose and hydroxyethy! cel-

. In a preterred aspect of the present invention the core element of the pharmaceutical composition may

" tylose. sugars and mixtures thereof. The binding agent may be provided in the form of a granulating

solution. An aqueous Or organic solvent may be included. Methanol. ethanol or mixtures thereol may be
used as solvents,

The size and amount of the core seed may vary substantially from approximately 425 um to 1700 um

depending upon the amount of active ingredient to be included. Accordingly, the core seeds may vary. from

approximately 5 to 95% by waight, prelarably 10 to 75% by weight based on the total weight of the core
slament. The core seed may be of such a diameter to provide a final core element having a diameter of
approximately 500 to 2000 um. )

The core seed may be of any suitable type. A sugar or an active core seed may be used.

The core element may further include other carriers or exciptents. fillers, stabilizing agents and
colorants. Suitable fillers may be selected from insoluble materials such as silicon dioxide, titanium dioxide.
rale. alumina. starch. kaolin, polacrilin potassium. powdered cellulose. and microcrystalline cellulose and
mixtures thereof. Soluble fillers may be selected from mannital, sucrose. lactose. dextrose. sodium chioride.
sorbitol and mixtures thereof. )

~ The fitler may be present in amounts up lo approximately 76% by weight based on the total weight of
the core element.

Typical core tormulations may ba propared in the amounts as tollows:

13:29
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Spheronisation
Theophylline : 20 - 30%
Core seeds ] 10 - 75%
hydroxypropy! cellulose 0.1 -10%
Extrusion
_——'4-_.—_—-—--"
Theophyling 20 - 90%
-~ {extruston agent) microcrystaliine cellulose 1 - 20%
hydr0xypropy| ceollulose 0.1 - 10%
(tilter) lactose 0 60%

The hybnd core coaling composition may be provided in the torm of a solution, dispersion of
suspension. : '
The solvent may be present in amounts of from approximately 25 to 97% by weight based on the total
weight of the fybrid core coaling composition. The solvent for the polymer may pe a solvent such as water.
methanol. ethanol, methytene chloride and mixtures thereof. :

The diluting medium may be present in amounts of from approximately 25 1© a7% by weight based on
the total weight of the hybrid core coating composition and is comprised predaminantly of water,

Typical hybrid core coating formulations may be prapared the amounts as follows:

Core Coating
Formulation

Insoluble matrix polymer a0-70) | %
Enteric 1.25-10) | excluding
Acid soluble 20-40) | soient
Prasticiser 25-30)

" Sotvent 85 - 97% of total coatings

_lormuta.

8. For aqueous rodispersion of suspansion of polymers formulation A becomes:

\nsotuble matrix polymer 40-70) | %
Enteric 28.10) | excluding
Acid soluble 20 - 40) | sotvent
Plasticiser ) 25%-30)-
Water 7% - 97% of total coating

‘ tormula .J

Sulficiant plasticiser may be added to ensure fitrn formation.

in a lunther aspact of the prasenmt invention. there is provided a pharmaceuﬂcal sustained reloase
product in a unit dosage form including a plurality of paliets, each peliet including

a core element including a.theophylline compound: and .

a corg coating for the core alament which i partially soluble at a highly acidic pH and wherein the active
ingredient i3 available for absorption at a relatively constant (ate in the small intesting over an extended
period of time. )

Spray coating of core elements may be undertaken utifising bottom or top Jocated spray nozzles. A
pottom spray nozzie may reside proximate o the base of the fluidised bed tfacing upwards while a top
spraying nozzle 1S located above the contants of the bed and facing downwards.

The method may include the prefiminary steps of
providing :

15.84.33
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a thoophylline compound:
at least one binding agent

. 3t teast one care seed: and . . .
- coaling the core seeds with the thegphylline compound and binding agent to form-a core element.

in a preferred form the at lsast one binding agent is provided in a granulating solution. in this form the
coaling step may be conducted as a spherorisation process. The spheronisation process inctudes .
contacling the core seeds with the active ingredient and simultangously adding the granulating solution
thareto. The spheronisation process may be conducted in 3 spheronising machine. ’ :

1n an alternative aspect of the present invention. the method according to the present invention may
further include providing the active ingrediont and binder in a solubon or sturry of a solvent and spraying

" the core seeds with the solution or s|imy. The spraying step may be conducted in a fluidised bed chamber.

In a further alternative aspect of the present invention. the method for preparing 3 core elemant may
include
providing
a ineophylline compound:
al Teast one binding agent: and
an oHective amount of a solvent.
mixing the ingredients; and . .
subjecting the ingredients to an oxtrysion lollowed by marumerisation to lorm a core eloment.

The solvent may be an aqueous or organic sotvent or mixtures \hereol. The solvent may be present in
an amount effactive to allow the ingredients to be extiuded. :

The core elements formed are then subjected to a drying step. The drying step may be conducted in a
fluidised bed or drying oven. i ’

The sustained release pharmaceutical pellet composition may be sdministered under a similar dosage
ragimen 1o that used in the prior art, The multi-pellat encapsulated form may for example be administered
every twelve or twenty-four hours in sustained reloase torms.

The pharmaceuticat peliet composition may be in muiti-peflet encapsulated, sprinkle sachet or tableted
torms, .

in accordance with a further aspect of the present iavention. there is provided a method of treating
cardiotonic. dwretic of respatory conditions in patients requiring such treatment which method includes
administening to a patiant an eHiactive amount of a pharmaceutical sustained release peiiet composition as
descnbed above. -

it will ba understoed that the method of treating the abovementioned conditions according to this aspect
of the presant invention provides an advantage in reducing side affects associated with prior art sustained
release products in a tablet or capsule form as described above. Thase side effects include headache.
palpitation. dizzyness. nausea. hypotension, visual disturbance, insomnia, restiessness, confusion and
diuresis. ' .

The present invention will now be mora fully described with relarence 1o the accompanying gxamples. it
should be understood. however, that the toliowing description is illustrative only and should not be taken in
any way as a restriction on the-generslity of the invention spacified above. .

EXAMPLE 1

Spheronised Cora Composition 1

Theophyliine . 250kg | 75.7°%
Sugar seeds 75kg | 227%
Hydroxypropy! celluiose (digsoived in methanol) 0.82 kg 1.6%

~




20

3

L]

$s

— ’ 284 Fo4 15.84.23

€P 0 377 517 A2

Extruded Core Composition 2 )
Theophylling 400kg | 87%
microcrystalline cellulose 40kg | 8.7%
hydroxvpropy! cellulose 20kg | 43%
watar . as required

Hybrid Core Coating Composition A
sihyliceliulose N-100 1049 | 59.8%
polyethylene glycol 509 | 28.8%
hydroxypropyimaethy! celluloge phthalate 7049 4.0%
diethyl phihalate L1289 7.4%
mathanol 13319
methylene chlaride 13319

Hybrid Core Coating Composition B
Eudragit NE30-D (as 30% dispersion in water) | 300kg | 5245%
Eudragit L300 (as 30% dispersion in water) 25 kg 437 %
poiyethylens glycol 6.14 kg | 35.78%
tnethyl citrate . 1.27 kg 7.4%
taic 159 kg
water 820kg

Sphevonused Cors Manulaclure

The sugar seeds were placed In a sphevonlsef The sugar seeds wera then coated with a dry mixture of

the active ingredients and inactive excipients whilst concomittantly adding a solution of the blnder'

components.
The wet cores $0 formed ware then d(ied in a fluidised bed dryer for 1 hour.

Extruded Core Manufacture

The combonents of the extruded core composition were admixed to form an extrudable composition,
The composition was then sxtruded through a side plate exiruder and the extrudate marumerised 10 form
wet cores. -

The wet cores 3o formed were then placed in a Huid bed dryer for 1 hour.

Pollet Manutacture

The dried spheronised cores | and 2 were than placed in 2 fluid bed coaling apparatus, The hybrd
core coating compositions A and B wera then sprayed onto the cores 1 and 2 to form pellets A and B
tespectively. At the conclusion of the process. the pellats were fhud bed dried.

A dissolution test was conducted on the pellot compasitions A and B utitising the test method USPXX
1990 (Tost 711). A sample is dissolved in an aqueous medium previously degassed and equifibrated to
37 C. The media are USP pH 1.2 media without enzymos and pH 7.5 phosphate bufter. A sample of known
volume is withcrawn at designated time intervals from the bath as directed and subjected lo a suitable
assay procedure. The mg of theophylling released as a lunction of time is plotted as the dissotution profile.

8
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The tests wera conducted at pH 1.2 and pH 7.5.
The baskets containing the samples were rotated at approximately S0 r.p.m. and the aqueous medium
maintained al approximately 37" C.
The results are given in Tables 1 1o 4 and Figures 1 and 2 herein. The resuits of pellet composition B at
pH 1.2 and 7.5 are given in Tables 1 and 2 respectively. The hybrid coating on pellet composition A aflows
dissotution at pH 1.2, a significantly faster rate of dissolution is observed at pH 7.5. The results ol pellet
composition A at pH 1.2 and 7.5 are given in Tables 3 and 4 respoctively. similar results to that obtained

trom composition A,

TABLE 1

OISSOLUTION DATA FOR PELLET COMPQSITION 8
MEASURED AT pH 1.2

(AVERAGED DATA FOR 6 SAMPLES)

TIME MG (STD | *» RELEASED| (STD
MIN. RELEASED | DEV) DEV)
60 30.33 (1.56) 9.87 (0.41)
120 62.16 2.79 20.23 (0.68)
180 88.21 (3.7 28.70 {0.92)
240 177 (4.43) 36.37 (1.09)
300 135.11 (5.48) 43.96 {1.28)
360 156.50 3.81) 50.93 0.67)
420 179.85 (6.80) $8.52 (1.54)
480 201.85 (5.87 65.59 (1.12)
TABLE 2

DISSOLUTION DATA FOR PELLET COMPOSITION B
MEASURED AT pH 7.5 :

{AVERAGED DATA FOR 8 SAMPLES)

TIME MG (STD | RELEASED| (STD
MIN, RELEASED | DEV) DEV)

60 72.13 (1.70) 23.81 (0.38)
120 137.49 (3.15) 45.00 (087
180 195.03 (3.81) 68.84 0.87
240 242.12 (.53 79.28 (1.09)
300 275.41 (2.94) 90.17 (1.67)
- 360 291.02 (1.11) 95.27 (1.20)
420 301.84 (3.61) 98.81 (1.04)
480 307.84 2.39) 100.77 (0.81)

9
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TABLE 3
DISSOLUTION DATA FOR PELLET COMPOSITION A
MEASURED AT pH 1.2
(AVERAGED DATA FOR 3 SAMPLES)
TIME MG (STD | % RELEASED| (STD
MIN. | RELEASED | DEV) . DEV)
60 29.91 (0.98) 9.71 0.31)
120 80.21 (2.19) 19.55 . {0.69)
180 90.78 {1.88) 29.48 {0.58)
260 132.35 2.97 42.98 (0.93)
TABLE 4
DISSOLUTION DATA FOR PELLET COMPOSITION A
MEASURED AT pH 7.5

(AVERAGED DATA FOR 3 SAMPLES) ,
TIME MG (STD |% RELEASED} (STD
MIN. RELEASED | DEV) OEV)
60 ~70.74 10.52) 22.98 (0.20)
120 141.78 (0.90) 46 02 (0.36)
180 206.66 (1.56) 67.08 (0.53)
260 271.82 (3.26) 88.17 {1.19)

EXAMPLE 2
CUINICAL TRIALS

PHASE | - SINGLE DOSE 3TUDY

Phase | was & thiee-way crossover single dose study to compare the relative bioavailability of Pellet
Capsules according to the present invention with the reference product Elixophyllin® elixir, a rapid release
tormulation demonstrated lo be completely broavailable. The eHect of food on the bioavallability of Pefiet
Capsules was aiso examined,

Both products were admmnistered to eightean healthy. nen-smoking. aduht subjects. The subjects were
randomized by weight into three equal size groups |, 1 and Iil. These groups were then randomly sorted
into either regimens A, B or C. ’

All dosing regimens were administered afier a twelve hour overnight fast, and regimen B was
administered immediately after tood.

A - Elinophyllin® efixir (150 mg in 28 mL), administered with 152 mL water on two separate occasions
$1 hours apart, 1o give a total of 300 mg of theophyline - '

B - Pellst Capsules including pharmaceutical peflets according to the present invention, 300 mg of
theophylline administered as a single dose with 180 mL of water immediately after the standard FDA

. recommended “high 1at".bveqk|ast. -

10
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C - Pellet Capsules including pharmaceutical pellets according to the present invention. 300 mg of
theophyliing administered as a single dose with 180 mL of water.

The washout period between each dosage regimen was one week.

Absotption

" The results summarised in Table $ indicate that the extent of absorption of Pellet Capsules taken
fasting is equivalent to that of ElixophyMin®, since statistical analysis (Analysis of Variance) of the parameter
area under the curve (AUCq..) Shows no significant difference atp = 0.05.

Bioavailability - Efect of tood

_The results summarised in Table § indicate that Pellet Capsules taken with food are absorbed to an
aquivalent axtent when compared with both products taken fasting. This demonstrates that there is no
réduction in the axtent of absorption when Peliet Capsules are coadministered with a high fat meal and no
evidence of dose duniping. When the lormulation was coadministerad with food, absorption was marginaily
delayed. This delay is of no relevance at steady state altar multiple dosing. '

The results summarised in Tables 5 and Figure 3 indicate that Pelist Capsules fulfiil the requirements of
a sustained release product. Whils a single 300 mg dose of Pellet Capsules achieves a pesk plasma
concentration of 4.5 mgiL irrespective of the presence of tood. the same dose of the relerence product
Elixophyilin® would achieve a peak plasma concentration approximately twice that value. In addition the time
taken to reach peak plasma concentration is longer for Pellet Capsules compared with Elixophylin®. This
demonstrates that Peflet Capsules can provide therapeutic plasma theophylline concentrations within the
delined narrow therapeutic concentration range with a decreased probability of theaphyliine toxicity due to
lower peak to trough variations in blood levels. L

In summary, this single dose study- demonstrated the general sustained-release attributes of the Peltet
Capsules theophyliine formulation and highlighted the additional advantage ot lack of food effect on the
extent of theophylline absorption and decreased peak to trough variations in blood lavels. :

19:32
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TABLE 3
Comparison of Pharmacokinetic parameters (mean = SD) for single doses of
theophyiling obtained from 18 heaithy subjects
REGIMEN
PARAMETER A . B ~ C STATISTICAL
’ . ANALYSIS
Elixophyllin® | Peliet Capsule | Pellst Capsule
fasting as with food as fasting

F2% - 942 945 nstt

(11.5)° (17.0)
AUCo.m 97.1 90.9 91.2 ns.*
mg.hiL: (33.7) (31.3) (33.8) _
Cpmax 9.1 45 45 A>B=C®
mgiL (2.0) (1.0) L2y - ’
Lo 13 95 8.0 B>C>A?
h . (0.9) (1.7) (1.3
120.75Cpmax . 80 103 ns!'
h (1.3) (3.5)
bin 7.6 9.0 8.9 A<B=C*
h 1.9y (1.4) (2.0)
Ke: - 0.10 008 0.08 A>B=C?
h™ (0.02) (0.02) (0.02) °

a - Analysis of Variance

b - standard deviation

¢ - not significant at p = 0.05

d - Cpmax - for comparison the Elixophyllin is expressed as twice the value obtained
lollowing the first dose.

e - Newman-Keuls Multiple Range Test for significance

{ - Student’s Paired t-test

PHASE !l - MULTIPLE DOSE STUDY

Phase Il was a3 three-way crossover multiple dose study to compare the ptasmé steady state
theophyliine concentrations produced by three diffarent formulations: Pellet Capsule pelletised sustained
reloase capsuies. Theo-Dur® sustained release tablets and Neutin™ tablets. Neulin® is an immediate release
theophylline product. .

AN products were administered to sighteen healthy. nonsmoking, adult subjects. The subjects were
randomised using Elixophyllin® clearance values and then randomly sorted into either regimens A, B or C.
Each subject's duse was tailored using single dose study data to obtain steady state plasma theophyliine
concentrations ol approximately 10 mgit. '

Alt dosing regimens ware administered with 180 mL of water. The products were administered at equal
dosing intervals for six days. The subjects consumed a Xantmine-free but otherwise unrestricted’ diet.
Sampling commenced after five days of chronic dosing.

' A - Neulin® tablets admimistered four times a day {six hourly)
B8 - Pellet Capsule capsules administered twice a day (twelve hourly)’

. € - Theo-Dur® tablets administered twice a day (twelve hourly).
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Absorption

The results summarised in Table 6 indicate that the axtent of theophylline absorption is comparable
between the products Pellet Capsules, Theo-Dur® and Neulin® atter multiple dosing. In addition, the

bioavailability (F) of theophylline is comparable between the sustained release products Pellet Capsules and
Theo-Dur” relativa to Neutin®.

Twice Daily Dosing

The results summarised in Figure 4 indicate that after steady state plasma theophylline concentrations
were achieved. 75% of the peak plasma theophylling concentrations were maintained throughout the dosing
intarval. These prolonged values demonstrate a sustained period of therapeutic plasma theophyliine
concentration, indicating that no more than twice daily dosing is necessary with Pellet Capsules to achieve
maintenance of plasma concentrations within the recommended therapeutic range.

Fluctuations

Tha efficacy and toxicity of theophylling is diractly related to the plasma theophylline concentration. The
oplimum therapeutic concentration range is.5 to 20 mglL {Hendeles and Weinberger, 1983). Thus
theophylling has a narrow therapeutic index. Plasma concentrations below § mg/L. generally rasult in less
than optimal bronchodilatation white concentrations above 20 mg/L are often associated with theophyliing
toxicity.

Theoohylllne is used prophylacticaly in the management of asthma and chronic obstructive airways
disease {COAD). requiring continuous theophyliine therapy for prolonged periods of time. When Peitet
Capsules are administered at the appropriate dosing rate. the plasma theophylline concentrations observed
arg maintaned within the defined therapsutic range.

The results summmarised in Tables 6, 7 and 8 indicate that over a twenty four hour period. Pellet
Capsules exhibit significantly less tiuctuation (percentage fluctuation) in steady state plasma theophylline
concentration compared to Theo-Dur®. This demonstrates that Pellet Capsules achieve more reliable
plasma theophylline concentrations within the therapeutic range and is a more roliable sustained-release
thaeophylline product.

Diurnal Variation

Analysis of the percentage ﬂucluahon at steady stale plasma theophylline concentrations (Sludents
paired t-test) (Tables 6, 7 and 8) reveals that there 15 less diurnal varlation in plasma theophyliine
concentrations when Pellet Capsules are compared with Theo-Dur®. There is no difterence in the extent of
fluctuation during a twelve hour dosage Interval either during the day or during the night with Pellet
Capsules. In contrast, Theo-Dur® exhibits significantly more fluctuation in plasma theophylline concentration
during the day than during the night. Peliet Capsules exhibit less fluctuation in plasma theophyiline

_concentration during the day compared to Theo-Dur” although the extent of fluctuation during the night is

comparable between the two sustained release products. These resulls confirm the diurnal variation
reported in the literature for other commercially available products (Reed et al., 1986) and emphagsise that
Peliet Capsules is an improved formulation.

The multiple dose study confirms the results of the single dose study. and hightights the additional

. advantages of significantly less diurnal variation as percent fluctuations in plasma theophylline concentra-

tions at steady state.
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TABLE 6
Steady state pharmacokinetic parameters (mean + SD) for
theophylline following administration of theophylline
preparations to 18 healthy subjects.
_ REGIMEN-
PARAMETER A . B c STATISTICAL
NEULIN® _PELLET CAPSULES THEQ-DURR__ ANALYSIS
F$ - - 102.3 103 n.s.2,°
' (14.4)b : (11.2)
AUC 1 208.7 211.8 214.3 n.s.9
TOTAL 24 hr
mg.h/L (31.7) (33.3) (37.1)
AFLUCTUATION 54.0 26.3 44.8 a>c>?
day® (16.0) (10.5) (15.3) B c?
AFLUCTUATION 58.5 25.8 33.9 asc=p¢
night 119.5) (9-1) (10.5) n.s.?
SFLUCTUATION 66.5 36.7 53.1 a>c>ad
total (18.9) (13.7) (14.1) 8 c?
_ d
Cpmin day 6.9 7.8 7.2 B8>C=A
mg/L (1.3) (1.5) (1.3)

19:33
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Table 6 continued ...

, REGIMEN
PARAMETER A ' B C STATISTICAL
NEULIN®__PELLET CAPSU THEO-DUR®___ANALYSIS
Cp, ;s Might 7.0 .1 . . 1.8 a<g=cd
mg/L (1.3) (1.4) (1.3
Cpmax>day 10.5 9.8 10.4 n.s.d
mg/L (1.8) (1.6) (1.9)
Cp, ., Might 10.9 9.6 10.4 B<c=ad
mg/L (1.4) (1.3) (2.1)
t50.75CPmax - 11.7 9.7 B>c?
“h (day) (.06) (2.1)
t,0.75CEmax - 11.8 10.9 B>c?
h (night) {0.4) (1.4)
a - Student's paired t-test
b - standard deviation
¢ - not significant at p = 0.05
d - Analysis of Variance
e - % Fluctuation

u

Peak concentration - mipimum concentration x 100
minimum concentration '

15
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TABLE 7

Comparison of the mean (2SD) values tor the day and night time intervals at

- steady state plasma theophylline concentrations obtained from 18 healthy

subjects. : ’

PARAMETER PRODUCT DAY NIGHT STATISTICAL

. ANALYSIS*

. 8a.m.-8p.m. 8p.m.-8a.m.

AUC Pellet Caps | 106.7 (18.R)® | 105.1 (15.6) ns.c

mg.hL Theo-Dur® 106.0 (18.1) | 108.4 (20.9) n.s.

%FLUCT. Pellet Caps 26.3 (10.9) 25.8 (9.1) n.s.

steady-state Theo-Dur? 448 (15.3) 33.9(10.5) day>night

COrmax Pellet Caps 98(16) 96(1.9) | ns.

mgrL Theo-Dur? 104 (19) 104 (2.1) | - ns.

CPhuen Pellet Caps 7.8(1.5) RAXIKI] n.s.

mg/L Theo-Our® 72(1.3) 7.7(1.3) night>day

120,75 Pellet Caps 11.7 (0.6) 11.8 (0.4) n.s.

CPOmash Theo-Dur® -9.72.1) 10.9 (1.4) ns.

a - student’s paired t-test

b - standard deviation

« - not significant at p = 0.05

TABLE 8
Comparisons of the number of subjects and fluctuations
of ptasma theophylline cancentrations for the
sustained-release products at steady-state.
Time(h) Fluctuation(%) Number of subjects
‘ Pellat Theo-Dur®
capsules tablets

0 <30 6 1
. 30-40 8 f
24 40-50 { 7
(nightday) >50 3 9
0 <30 1" 2
- 30-40 6 4
12 40-50 1 7
(night) >80 0 0
12 <30 13 2
. 30-40 3 4
24 40-50 2 7
(day) >$0 0 S

Finally. it is to be understood that various other modifications andor alterations may be made without
departing trom the spirit of the present invention as outlined herein.
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Claims

1. A sustained release pharmaceutical pellet composition comprising
a core element compnsing a theophylline compound: and
a core coating for. the core element which is partially sotuble at a highly acidic pH to provide a slow rate of
ralease of theophylling compound and wherein the theophylline compound is available for absorption at a
ralatively constant faster rate in the intestine over an extended period of time.

2. A sustained release pharmaceutical pellat composition according to claim 1. wherein the theophylline
compound s an ethylene diamine salt of theophyliine. -

3. A ‘sustained rafease pharmacautical pellet composition aceording to either of claims | and 2 wherein
the core coating in use, generates 3 dissolution profile for the sustained release composthion. which is equal
to or greater than the minimum dissolution profile required to provide bioequivalence with a capsule or
tablet containing an equal amount of the theophylline compound in a sustained release form.

4. A sustained release pharmaceutical pellet composition according to claim 3, wherein a first
dissolution profile is measured at a pH level approximating that of the stomach and a second dissolution
profile is measured at a pH lovel approximaling that of at least one point in the intestine; the lirst and
second dissolution profiles for the sustained release composition each being equal to or greater than the
minimum dissolution required to provide substantial bioequivalence with a capsule or tabiet containing the
theophylhine compound in a sustained release form. :

5. A sustained releasa pharmaceutical pellet composition according to claim 4. wherein the composition.
in use. exhibits less peak to trough variations in plasma theophylline concentrations at a steady state over a
24 hour period. relative 10 a theophylline compound in a sustained release capsule or tablet form andror
exhibits less diurnal variation in plasma theophylline concentration relative to a theophylline compound in a

“sustained release capsule or tablet form.

6. A sustained release pharmaceutical peflet composition comprising
a core elament comprising
at least ona theophylline compound of high solubility:
a hybrid core coating. which coating provides a low rate of release of theophylline compound at a highly
acidic pH and a relatively constant higher rate of relsase at a tess acidic to basic pH over an extended
pariod of time: the hybrid core coating comprising
at teast one polymer which is substantially insoluble independent of pH:
at least one anteric polymer which is substantially insoluble at acidic pH but at least partially soluble at a
less acidic to basic pH: and ’
at loast one component which is at least partially soluble at acidic pH.

7. A sustained relsase. pharmaceutical pellet composition according 10 claim 8 whersin the hybrid core

coating comprising

approximately 10 to 95% based on the total weight of the hybrid core coating. excluding filler and
plasticiser. of at least one insoluble matrix polymer selected from

acrylic ester polymers, methacrylic ester polymers and mixtures thereof, ’
approximately 1 to 30% by weight based on the total weight of the hybrid core coating, axcluding filler and
plasticiser, of at least one enteric polymer selected from cellulose acetate phthalate, hydroxypropy! methyl-
collulose phthalate (HPMCP), polyvinyl acetate phthalate. methacrylic acid copolymer, hydroxypropy!
methylceliulose acetate succinate, shellac, cellulose acetate trimeilitate and mixtures thereof: and
approximately 1 to 60% by weight basad on the total weight of the hybrid core coating excluding filler and
plasticiser of an at least partially acid soluble component selected from polyvinylpyrrolidone, hydroxypropy!
cellulose. hydroxypropy! methyicellulose. polysthylene glycol. polyviny! alcohol and menomers therefor and
mixtures thareof. ’

8. A sustained release pharmaceutical paliet composition according to claim 7. wherein the hybrid core -

coating compnses
approximately 40 to 70% by weight of the insoluble matrix polymer;
approximately 2.5 to 10% by waight of the enteric polymer; and
approximately 20 to 40% by weight of the partially acid-soluble component.
9. A sustaned release pharmaceutical pellet composilion according to either of claims 7 and 8 wherein

the hybnd core coating further includes

approximately 2.5 to 50% by weight based on tlhe‘ total weight ol the hybrid core coating of at least one
plasticiser selacted from diethyl phthalate, triethy! citrate. trigthyl acetyl citrate. triacetin. tributy! citrate.
polyethylene glycol and glycerol and the like: and :

0 to approximately 75% by weight based on the total weight of the hybrid core coating of a filler selocted

17
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~ from insoluble matarials for example silicon dioxide. titanium diuxide, talc. alumina, starch, kaolin, pclacrilin

potassium, powdered cellulose. and microcrystalline ceilulose and mixtures thereof.

10. A sustained release pharmacsutical pellet composition according to claim 9 wherein the hybrid core
coating has a formulation :

Ethyl cellulose - ‘| 40t070% -
Hydroxypropylmethy celflulose phthalate | 2.5to 10%
Polyethylene glycot ' ‘ 20 to 40%
Disthyl phthalale ) 2.510 30%

11 A sustamned release pharmaceutical pellet composition -according to claim 9 wherein the hybrid core
coating has a formulation

(Insol. matnx)’ Eudragit NE30D 40-70%
(Enteric polymer) | Eudragit L300 2.5-10%
{Acid-soluble) polyathylene glyco! 6000 NF 20-40%
(Plasticiser) Triethyleitrate 2.5:30%

12. A sustained release pharmaceutical pellet composition according to claim 8 wherein the core
elemant includes an ettective amount of .

a theophylline compound; optionally,

at least one core seed, and

at least one binding agent.

13. A sustaingd release pharmaceutical pellet composmon according to claim 12 wherein the core
element has a formulation

Theophylling 20 to 80% by weight
Sugar seeds 10 to 75% by weight
Mydroxypropylcelluiosa | 0.1 to 10% by weight

14. A sustained release pharmaceuticali pellet composition according to claim 12 wharein the core
element has a formulation .

Theophyiline 20 to 80% by weight
Hydroxypropylcellulose 0.1 to 10% by weight
Microcrystalline celtulose 1 to 20% by weight
Lactose 0 to 60% by weight.

15. A pharmaceutical sustained release product in a unit dosage form including a plurality of pellets,

each petlet having the composition as claimed in any one of the preceding claims.

18. A method for preparing a sustained release pharmaceutical pellet composition, which method
comprises providing
a corg element comprising
a theophytiing compound: and
at least one binding agent; and’
a hybrid core coating composition including a solutlon suspension or dlspersvon of
at least one polymer which is substantially insoluble independent of pH:
at least one enteric polymer which is substantally insoluble at acidic pH but at least partially soluble at a
less acidic to basic pH: and

18
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at least one companent which is at least partially soluble at acidic pH:
introducing the core element into a fluidised bed reactor, and
spraying the hybrid core coating composition onto the core element.
- 17. A method according to claim 16, which method comprises the prefiminary step of
providing -
a theophytline compound:
at least one binding agent:
at least one core seed: ang-
coating the core seeds with the active ingredient and binding agent 10 form a core slemant.
18. A method accordinq 10 claim 15 which method compriges the preliminary steps of
providing
a theophylline compound:
at least one binding agent: and
an effective amount of a solvent,
mixing the ingredients: and
subjecting the ingredients to an extrusion followed by marumerisation to form a core element.

15.94.33

19. The use for treating cardiotenic, diuretic or respiratory conditions in patients requiring such
treatment of a sustained rolease pharmaceutical peflet composition according to any one of claims 1 to 15,
20. The use according to claim 19 wherein the patient exhibits raduced side effects relative to treatment

with equal amounts of a theophylline compound in a sustained release capsule or tablet form,

20:69
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Figure 1: Dissolution Profile for Pellet Composition B
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Figure 2: Dissolution Profile for Pellet Composition A
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FIGURE 4: MULTIPLE 'DOSE BICAVAILABILITY STUDY
AVERAGE DATA AT STEADY STATE, n = 18
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